When applied to the class of automaton that this paper is concerned with, in which parts are not manufactured from raw materials but are distributed at random in the automaton's environment, the term "parts closure" can be defi ned as the ability of such an automaton to recognize and classify all parts from which it is made. The kinematic selfreproducing automaton concept described by von Neumann 2 depends upon this ability. Other proposed or actual kinematic self-replicating systems depend upon having known parts in known locations, for example the system of Moses 3 and the system described in Sect. 5.6.4 of Freitas and Gilbreath. 1 
General principles
In its most general form, a part discriminating subsystem D of an SRPC takes an unidentifi ed part p from a set P as an input and generates some indication of which type of part p is. Since p will be used later by the self-replicating system, part p is also output from D. Since D is part of a self-replicating programmable constructor, D is itself made from parts taken from the set P.
There are various ways in which D may identify p. An obvious and intuitive way is to use visual inspection; this is the way that many large animals recognize the objects that we encounter. An advantage of using visual inspection is that it is a very general method: it can be used to distinguish between any parts which differ in external appearance. There are several disadvantages to this method, however. Firstly D must contain a camera, a light source, and a computer powerful enough to be able to process images from the camera. This adds considerable complexity to D, and requires that P be rich enough to support these devices.
To make the job of D easier, parts can be deliberately designed to be easily distinguishable. For example, for easy recognition by a visual inspection system, parts could have different refl ectivities. Bar codes, shape-fi tting, and having different masses for different parts from P are other possible methods of providing for easy recognition.
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Introduction
The concept of parts closure in self-replicating systems was fi rst clearly defi ned by Freitas and Gilbreath. 1 In the context in which the term was fi rst used, it referred to the ability of a system to manufacture all of the parts from which it is made. The defi nition assumed that a system would process raw materials from its environment to make parts.
If we choose not to use a visual method for identifi cation, nor deliberately augment parts from P with features that make them easily distinguishable, then parts must be identifi ed by examination of their geometrical or physical properties, or by their function. This examination may be done explicitly. For example, if the part is prodded in a particular way and as a result exhibits a particular behavior, then this behavior may distinguish it from other parts. Alternatively, identifi cation could result from the interaction of parts from P with some substrate. For example, in chemical chromatography, different molecules are identifi ed by their speed of passage through a medium which selectively hinders molecules according to their shape or nature.
The discrimination process need not be deterministic. Figure 1 is a schematic diagram of a discriminating system D in which a particular type of part p enters through input i and will emerge from exit O n of D with probability F(n,p). Assuming that F(n,p) is independent of previous tests of p, and also that for different types of part p and q there is at least one n such that F(n,p) ≠ F(n,q), p can be identifi ed with any required degree of certainty by passing p through D as many times as necessary to reach that degree of certainty. The logic required to assess whether a particular degree of certainty has been reached need not be sophisticated, and could consist of a set of resettable counters to count the number of times p emerges from each O n , and a set of comparators to determine when counts reach a level at which p can be reliably identifi ed.
A nondeterministic discriminator of this kind is likely to be easier to implement than one which must always give a defi nite identifi cation. Indeed, for some systems almost any vertically mounted conduit with one entrance and two or more exits containing obstructions to parts dropped into the top may function as a nondeterministic discriminator. Such a discriminator is depicted in Fig. 2 . The function F(n,p) may need to be obtained empirically by dropping known parts through the discriminator.
A specifi c design
This section describes a specifi c design for a discriminating system, based around a set of six simple parts that in some sense span the range of elementary operations that a physical self-replicating programmable constructing machine needs to be capable of. The environment in which the design exists is a three-dimensional discrete space (and discrete time) kinematic environment which, although not directly physically realistic, has more physical realism than the cellular automaton environments that have been used to investigate self-replicating programmable constructing automata in the past. The design has been fully simulated in this environment.
The parts are moveable cubes, and each type of part performs a particular function. The six part types used are described briefl y here with reference to Fig. 3 . A wire part receives a Boolean input value at its base and propagates this value to all fi ve of its outputs after one time unit. A nor-gate part receives Boolean input values from all fi ve of its inputs and propagates the logical NOR of these values to its top-most output after one time unit. A slide part receives a Boolean input value from its base. If this value is true, then one time unit later it will move any part immediately above it one unit to the right. A rotate part receives a Boolean input value from its base. If this value is true then one time unit later it will rotate any part directly above it counterclockwise about the axis joining the centers of the rotate part to the part above it. A connect part receives a Boolean input value from its base. If this value is true then one time unit later it will connect together the parts lying immediately above it, and above right. A disconnect part receives a Boolean input value from its base. If this value is true then one time unit later it will disconnect the parts lying immediately above it, and above right.
The discriminating system consists of a series of six fi lters, each of which tests for a specifi c part in a particular orientation. The part being tested passes from one fi lter to another, unless identifi ed by a particular fi lter, in which case it is put to one side and a new unknown part is obtained from the environment. If a part passes through all fi lters undetected, its orientation is altered and it is sent through the set of fi lters again. A part will be identifi ed after at most 24 passes through the set of fi lters. The logical structure of the discriminating system is shown in Fig. 4 .
The wire and slide parts can be used to make paths along which individual parts can be transported, an example of ture beneath them back and forth, as a result of which the signal output by nor part G will arrive at H, but only if p was a southward-facing connect part. A signal derived from H can then be used to divert p along J, otherwise p will exit from the fi lter at L.
The slide fi lter is the most complex of all the fi lters and is the fi rst one that parts encounter when entering the discriminator. The main reason for the complexity arises from the need to detect a slide part in any of the four possible southward-pointing orientations before passing the part on to successive fi lters. If such a part were to enter any other fi lter the result would be unpredictable, because if a test signal were applied to the part it would cause the part beneath it to move, and possibly cause the discriminator to move one unit east, west, back, or forth in an undesirable way. A full description of the slide fi lter is omitted here due to space limitations. The rotate fi lter is relatively simple, but again a full description is omitted here. Figure 9 shows the discriminating system in its entirety.
which is shown in Fig. 5. In Fig. 5 , when a signal is applied to the input of the left-most wire part, any part above the left-most slide part will move to the right along the path. Figure 6 shows a nor fi lter. A single path leads into the fi lter, and two paths lead out. The fi lter is capable of detecting a nor part orientated such that its output points south (see axes in Fig. 6 ). A part p travels into the fi lter along path A, passing above the input to part B as it does so, and arrives at point C. Since a southward pointing nor part is the only possible part that can cause a signal to enter part B as it passes above it, a signal taken from B to path D can be used to divert part p if and only if p is a southward pointing nor part. If p is any other part, or is a nor part in any other orientation, it will exit the fi lter when part E slides it out of the fi lter (after having waited at C for long enough for any possible diversion to happen). A wire fi lter can be constructed in a very similar way to the nor fi lter, except that in this case a signal must be fed into the part being tested so that any possible output from it can be detected. Since a southward pointing wire is the only part that will output a signal one time unit after receiving a signal on its input, a part from which such a signal is detected can be diverted and identifi ed as a southward pointing wire.
Filters for connect and disconnect parts are more complex. Both work in a similar way, so only the connect fi lter will be described. Figure 7 shows a connect fi lter and Fig. 8 shows an expanded view of the fi lter so that the internal parts of the fi lter can be seen. A part P is fed into the fi lter at A at the same time that a signal is fed into the fi lter at B. p is transported to location C. A signal derived from B is applied to disconnect parts E so that there is no connection at joints F. After this, a signal derived from B is applied to the northward face of p by part D. If and only if p is a southward-facing connect part will the rightmost of the joints F become connected. Slide parts I will slide the struc- Fig. 9 . The complete discriminating system
